Hypotrophic newborn is a newborn with birth weight below the 5th percentile weight of corresponding gestational age. Hypotrophic infants have higher morbidity and mortality in comparison with eutrophic neonates. A higher incidence of hypoglycemia, polycythemia, hyperbilirubinemia, thrombocytopenia, perinatal asphyxia and caesarean section occurs typically in hypotrophic newborns. Both, intrauterine hemodynamic dysbalance and centralization of circulation due to hypotrophy cause decreased blood flow to the splanchnic circulation after the birth. There was observed a lower increase in blood flow through the coeliac artery and superior mesenteric artery in comparison with eutrophic newborns during the first postnatal week. These facts are likely to be associated with a higher frequency of abdominal problems and necrotizing enterocolitis.
INTRODUCTION
Hypotrophic newborn is defined as a newborn with birth weight below the 5th, eventually below the 10th percentile of weight for corresponding gestational age. More precise definitions are based on birth length and birth weight, or eventually also on head and chest circumference in association with thickness of subcutaneous fat.
An equivalent term for "hypotrophic" newborn is "small for date" (or small for gestational age -SGA). This term is often mistakenly associated with growth restricted fetus (or intrauterine growth restriction -IUGR). The mentioned terms are not synonymous. Growth restricted fetus is defined as "a fetus that fails to reach his potential growth", on the other hand SGA is a different entity, and is defined as a newborn with birth weight below a given (usually) the 10 th percentile for gestational age. The term IUGR should be used only in regard to the fetus whereas SGA should be used mainly in the newborn (but it can be estimated from sonographic measurement of the fetus) (1) .
According to the etiopathogenesis, hypotrophy is either symmetric (proportional), asymmetric (disproportional) and combined. If a causative factor is present in early stages of pregnancy and affects cell growth in the stage of hyperplasia, or if it is present during a long period of pregnancy, symmetrical hypotrophy occurs. There is not only reduced birth weight in such infants, but also head circumference, body length and size of body organs are reduced. The causal factors include genetic anomalies, congenital infections and congenital malformations. If the causative factor is active later during pregnancy, when cell growth is mainly caused by hypertrophy, or if it is present during a short period of pregnancy, asymmetric hypotrophy occurs. Then both, body weight and a layer of subcutaneous fat are decreased. Uteroplacental insufficiency and inadequate maternal nutrition during the third trimester of pregnancy are the most frequent causes of asymmetric hypotrophy (2) .
Factors causing hypotrophy are generally accepted as a risk factor of neonatal and maternal morbidity and mortality. Morbidity and mortality in hypotrophic infants are higher in comparison with eutrophic newborns. Conditions such as hypoglycemia, polycythemia, thrombocytopenia, perinatal asphyxia and hyperbilirubinemia are more common in hypotrophic newborns. Failure of splanchnic blood flow, which is due to intrauterine centralization of circulation and persists postnatally, is likely to cause more frequent occurrence of enteral feeding intolerance and necrotizing enterocolitis.
CIRCULATION IN EUTROPHIC AND HYPOTROPHIC NEWBORNS
Factors leading to hypotrophy, cause that fetal blood is redistributed to the brain, heart and adrenal glands. At the same time, the blood flow through kidneys, gastrointestinal tract, liver, lung and spleen decreases. If the end -diastolic part of blood flow in uterine artery does not increase gradually during the course of pregnancy, or if there is a little notch in blood flow curves at the end of systole, fetal hypotrophy may be predicted with high probability (70-90%) (3) .
The aim of the centralization of circulation is to ensure blood supply to the vital organs such as the brain, heart and adrenal glands, and this is called brain sparing phenomenon, as it was mentioned in the work by Hernandez-Andrade et al., (2008) . The authors described an increase in blood flow velocity in different parts of brain according to the seriousness of fetal growth restriction. (4).
Mari et al. in 1995 compared the hemodynamic parameters in the splenic artery, superior mesenteric artery and renal artery in eutrophic and hypotrophic fetuses. The lowest values of pulsatility index, which characterizes the resistence of vascular bed after the point of measuring blood flow, have been reported in the splenic artery in the eutrophic and hypotrophic fetuses. The hypotrophic fetuses have lower pulsatility index in the superior mesenteric artery compared with the renal artery, while the pulsatility indices in these vessels of eutrophic fetuses are not significantly different. Therefore, the blood supply to the gastrointestinal tract of a hypotrohic fetus is preferred to the blood supply to fetal kidney (5). Korszun et al., (2002) study has not confirmed the conclusions of Mari's work, (1995). His results indicate that the majority of fetuses (83.3 %) from risk pregnancies has index pulsatility and resistance index in the superior mesenteric artery in the reference interface. The pregnancies with induced hypertension and also pregnancies with suspected fetal growth restriction were assessed as risk pregnancies. 12.5 % of fetuses from the study group have increased resistance index in the superior mesenteric artery, and it was associated with poor postnatal adaptation (6). Mari's (1995) observations and reported result were probably influenced by the fact that gestational age of fetuses were not taken into consideration in the study.
The effect of gestational age on the parameters characterizing the resistance of vascular bed is confirmed. Until the 32nd gestational week, the resistance index and pulsatility index in the superior mesenteric artery do not change significantly, and later they increase. In the last trimester, the blood flow to visceral arteries decreases (7), while the blood flow to the cerebral circulation increases (8) . It is probably caused by a gradual reduction in the placental perfusion.
The splanchnic circulation of eutrophic versus hypotrophic newborns is evaluated in several studies. The maximum speed of the blood flow in systole, the end-diastolic blood flow velocity and the time -average velocity of blood flow are lower in the superior mesenteric artery of hypotrophic preterm newborns than in eutrophic preterm newborns within the first seven days of life. At the same time, hypotrophic newborns have increased values of parameters characterizing the resistance of vascular bed in the superior mesenteric artery. These parameters rise during the first postnatal week, and the increase is lower in hypotrophic newborns (9) . Similar conclusions are reported in the study performed by Martinussen, (1996) (10) . These claims are contradictory to the results of van Bel's study, (1990). According to van Bel et al., (1990) the peak systolic velocity increases in hypotroph-
ic newborns without increasing the end-diastolic velocity and mean blood flow velocity in the superior mesenteric artery (11) . Splanchnic circulation is influenced by numerous factors. The blood flow velocity in the superior mesenteric artery is reduced by birth asphyxia, patent ductus arteriosus, dopamin, dobutamin, indomethacin, caffein and umbilical arterial catheter (12, 13) . Van Bel, (1990) and Martinussen, (1996) have not taken into consideration the impact of gestational age and the other mentioned factors, thus obtaining different results.
EFFECT OF ENTERAL NUTRITION ON THE SPLANCHNIC CIRCULATION
The splanchnic circulation is influenced by enteral feeding. Differences in blood flow velocity are caused by volume and type of enteral nutrition and also by feeding intervals. The maximum increase in the blood flow velocity in the superior mesenteric artery occurs 30 to 45 minutes after enteral feeding. The tissue oxygenation index of the splanchnic circulation is assessed by near-infrared spectroscopy (NIRS) in stable preterm newborns, and the index increases after enteral feeding. The tissue oxygenation index in cerebral circulation does not change after enteral feeding (14) . The mean blood flow velocity in the superior mesenteric artery increases by 83% and end -diastolic velocity by 77% postprandially (10) . Peak systolic velocity and end-diastolic velocity in the splanchnic circulation rise also after pacifier sucking. The resistance index decreases after milk feeding, but not after pacificier sucking. During postprandial measurements the parameters characterizing blood flow velocity were not influenced by pacifier sucking (15) . The increase in blood flow velocity in the superior mesenteric artery after pacifier sucking may be a result of the response mediated by the nerve system -so called cephalic response. It is the same mechanism as the one increasing gastric fluids secretion in adults due to smell stimulation (16) . Unlike in eutrophic newborns and in the hypotrophic newborns without prenatal hemodynamic disturbances, the blood flow velocity does not increase and the pulsatility index does not decrease after the first enteral feeding in the hypotrophic newborns with prenatal hemodynamic disturbances.
INTOLERANCE OF ENTERAL FEEDING AND NECROTIZING ENTEROCOLITIS
Both, the intolerance of enteral feeding and necrotizing enterocolitis (NEC), occur more often in hypotrophic newborns than in eutrophic infants. Necrotizing enterocolitis is the most common gastrointestinal surgical emergency in neonates (17, 18) . NEC is characterized by the damage to the mucosal barrier in the bowel, inflammation caused by pathogenic microorganism, and necrosis of the intestinal wall (19, 20) . The diseases, which lead to reduced blood flow in the intestine and increase its metabolic activity, possibly causing bowel ischemia, are generally considered being other risk factors (21) . Hemodynamic disturbance that occurs in hypotrophic fetuses often persists after the birth. It leads to increased blood flow to the cerebral circulation and to an increased vascular resistance in the descending aorta. The combination of the fetal hypoxia and increased vascular resistance in the mesenteric circulation can cause hypoxic -ischemic injury to the intestinal mucosa. Prolonged exposure may impair the development of motoric and secretary functions of the small intestine, and promote the pathogenic bacteria and their overgrowth in the intestinal wall (22) . Experimental animal studies have shown that hypoxia reduces the blood flow velocity in the intestinal vessels and oxygen delivery via adrenergic vasoconstriction. Reduction of blood flow velocity by 30% can be compensated by increased oxygen extraction, but enteral feeding reduces the ability to extract oxygen. Unlike in the hypotrophic preterm newborns without prenatal hemodynamic disturbances, the blood flow velocity is lower and the pulsatility index in the supe-
rior mesenteric artery and coeliac artery is higher on the first day after birth in the preterm small for date newborns with prenatal hemodynamic disturbances. Eutrophic newborns have a higher blood flow velocity compared with hypotrophic newborns irrespective of the presence of hemodynamic disturbance. There are no differences in the blood flow velocity in the anterior cerebral artery at that time. The increase in the blood flow velocity in the anterior cerebral artery of the small for date newborns with prenatal hemodynamic disturbance occurs on the 3rd day after the birth, probably as a result of postanoxic hyperperfusion (23) . There is a reduced regional oxygen saturation in the splanchnic circulation assessed by near -infrared spectroscopy in preterm newborns with intolerance of enteral feeding. Persistent low oxygen saturation values had been reported in newborns, in whom necrotizing enterocolitis developed subsequently (24) . Doppler studies have confirmed an association between a significant increase in the blood flow velocity in the superior mesenteric artery, and a lower incidence of intestinal dysmotility and better tolerance of enteral feeding in the first week after the birth (25, 26 ). An increased risk for developing necrotizing enterocolitis is described in neonates with a higher resistance index and absent end -diastolic velocity in the superior mesenteric artery during the first day after the birth (27, 28) . Pezzati et al., (2004) consider the mean blood flow velocity of less than 0.38 m/s in 30 minutes after the first feeding as the most sensitive predictor of intolerance of enteral feeding. Feeding of these newborns begins at 24 hours after the birth or later (29) . Similarly, Fang et al., (2001) observed an increased risk for enteral feeding intolerance, if the mean blood flow velocity has not increased more than by 17% 60 minutes after the first feeding (26) . Hypotrophic infants have more often abdominal problems and delayed onset of tolerance of enteral feeding, compared with eutrophic newborns. Abdominal signs manifest within 3 days after the birth, whereas in eutrophic newborns they usually occur within 5 postnatal days (25) . Moreover, meconium passage is delayed and abdominal distension occurs more frequently in this group of infants. The small for date newborns require parenteral nutrition for longer time and the interruption of enteral feeding occurs more often (29) .
CONCLUSION
Literary data confirm the increased risk of intolerance of enteral feeding and necrotizing enterocolitis in hypotrophic newborns. Especially preterm small for date newborns with reverse or absent end-diastolic velocity in the umbilical artery are at risk for the mentioned conditions (30, 31) . On the other hand, enteral nutrition is essential for intestinal maturation and growth, it increases blood flow in the splanchnic circulation, stimulates intestinal motility, and induces the release of trophic factors (32) . It also reduces the need for parenteral nutrition, and thus reduces the risk of associated complications.
Doppler sonography is an excellent method evaluating of neonatal splanchnic circulation. The method is easily accessible, bed-side, noninvasive and painless. The research that is being realized at the Clinic of Neonatology of University Hospital in Martin and Jessenius Medical Faculty of Comenius University, has a goal to add knowledge on neonatal Doppler ultrasonography. Hopefully, measuring the parameters characterizing blood flow will help to identify a newborn at risk as early as possible and to eliminate incidence of enteral feeding intolerance and of necrotizing enterocolitis by means of planning an individual start of enteral feeding.
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